ABSTRACT: All soluble substances for coastal shallow well waters were higher than those for the inland well waters in the Kinokawa River catchment along the Median Tectonic Line in Wakayama Prefecture, Japan. Coastal areas were thought to have been contaminated by sewage wastewater due to a high population. Shallow groundwater is thought to have derived from precipitation because all shallow groundwater is on the Global Meteoric Water Line. 
INTRODUCTION
Groundwater is widely used for agriculture, industry or domestic purposes. Therefore, it is necessary to conserve groundwater sources around the globe as well as determine their origins. Precipitation is the main source for groundwater. However, seawater is also an important source of groundwater near the sea. In recent years, the origin for saline hot spring water has been studied and some hot spring origin is now thought to be metamorphic dehydrated fluid, not precipitation or modern seawater [1] .
The study area, the Kinokawa River catchment, lies along the Median Tectonic Line [2] . In and around the Median Tectonic Line, certain metamorphic water is known as Arima type deep thermal water, which shows a high salt type (NaCl type) [3] , has been found even in areas far from volcanic areas [4, 5] . However, there are few reports which mention the influence of Arima type deep thermal water on the hot springs in Kinokawa River catchment [2] . Therefore, in this study, detailed sampling for hot spring and shallow groundwater was performed. The purpose of this study was to clarify the characteristics of groundwater chemistry in the Kinokawa River catchment along the Median Tectonic Line and groundwater chemistry changes with depth by comparing surface and deep groundwater. Tectonic Line (MTL) is the boundary between the Izumi group and alluvial sediments. Most shallow wells and hot springs are found within these alluvial sediments. 
METHOD
There are numerous private house wells and hot springs in the Kinokawa River catchment. Fig.2 and Fig.3 show each sampling point of shallow house wells and hot springs. Sampling was performed from April 2012 to November 2016. The depth of shallow wells and hot springs were less than 10 m and 10 to 1500 m. Soluble substances were measured by ion exchange chromatography. The concentration of HCO 3 -for the sampled water was measured with a TOC analyzer. Stable hydrogen and oxygen isotopic ratios were measured by a mass spectrometer (Sercon Geo Wet System) with dual inlet and equilibrium with CO 2 and H 2 gas method. Generally, oxygen and hydrogen isotope ratios are expressed as δ 18 O and δD. They are presented as per mil (‰) of the standard average seawater (SMOW: Standard Mean Ocean Water) [7] . The formulas are shown in equation (1) 0  40  80  120  160  200  240  280   0  10  20  30  40  50  60  70   0  10  20  30  40  50 concentrations for coastal wells (well numbers 1 to 30) were mainly 0 to 15 mg/l and 0 to 30 mg/l respectively. K + and NO 3 -concentrations for inland wells (well numbers over 30) were mainly 0 to 5 mg/l and 0 to 30 mg/l respectively while some good concentrations were over 5 and 30 mg/l respectively. Then, K + and NO 3 -concentrations for coastal wells were higher than those for inland wells. NO 3 -concentrations of some wells exceeded the Japanese Environmental Standard (44mg/l). concentrations for coastal wells (well numbers 1 to 30) were mainly 2 to 20 mg/l and 20 to 80 mg/l respectively and some wells concentrations exceeded 20 and 100 mg/l respectively. Mg 2+ and SO 4 2-concentrations for inland wells (well numbers over 30) were mainly 1 to 10 mg/l and 5 to 50 mg/l respectively and some good concentrations were over 10 and 50 mg/l respectively. Mg 2+ and SO 4 2-concentrations for coastal wells were higher than those for inland wells. Therefore, all soluble substances for coastal wells were higher than those for inland wells. Coastal areas were thought to be influenced by sewage wastewater because coastal wells are located near a high population area, namely Wakayama City. δ 18 O and δD values for coastal wells were more uniform than those for inland wells. thought to be from the same source through metamorphic phases [11] . On the other hand, Cl -, Na + and Li + are monovalent ions, highly soluble and thus do not precipitate. Therefore, they remain in the water in the area in which they dissolved.
When 
CONCLUSION
Shallow groundwater (private house wells) and hot spring water were sampled in the Kinokawa River catchment along the Median Tectonic Line, in Wakayama Prefecture, Japan. The concentration of all soluble substances for coastal shallow well waters were higher than those for inland well waters. Shallow groundwater in coastal areas was thought to have been influenced by sewage wastewater because coastal wells are located near Wakayama City, a high population area. δ 18 O and δD values of shallow groundwater for coastal wells were more uniform than those for the inland wells. Shallow groundwater is thought to derive from precipitation because all shallow groundwater is on the Global Meteoric Water Line.
There are many hot springs in the Kinokawa River catchment along the Median Tectonic Line, in Wakayama. Most hot spring waters are thought to derive from mixing of shallow groundwater and Arima type deep thermal water because of the δ 18 O and δD value. Although most hot spring waters was Na-Cl type water and the salt content for some water exceeded those of seawater, the salt source was not derived from current seawater. Arima type deep thermal water was thought to derive from metamorphic dehydrated fluid[1, 9, 12] 
